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Differentiation by Means of Tris and Phosphate Buffers
Philip J. Garry
A simplified manual and automated method is described for measuring serum cholinesterase activity and identifying the homozygous "usual," heterozygous, and homozygous "atypical" forms of the enzyme. With butyrylthiocholine as substrate at pH 7.4, the activity is determined in two 0.05 mol/liter buffer systems, Tris and phosphate. The "usual" enzyme has the same activity in both buffer systems. The phosphate buffer in hibits the heterozygous enzyme about 13% and the "atypical" enzyme about 43% relative to its activity in Tris buffer. The range of normal serum cholinesterase values (measurements on plasma from 1842 preschool children) is 2.10 to 5.25 U (mean, 3.67 U). In this population, 3.28% of the Caucasians, but only 0.29% of the Negroes, were heterozygous for the trait. 
Additional Keyph rases
-are not needed. The manual method is a two-tube assay, and in about 96% of the plasmas tested, the results are equivalent when the sample is assayed in duplicate. This is the reported percentage of the population demonstrating the "usual" form of the enzyme (6, 7). Any inhibition noted with the phosphate buffer indicates a variant other than the "usual" form.
The reagents used in the automated system and the basis on which the enzyme variants are differentiated are the same as in the manual method.
The method is designed as a simplified screening procedure to detect those patients who would react imtowardly to succinylcholine. By failing to successfully hydrolyze this muscle relaxant, these persons experience prolonged apnea and are therefore at some risk.
Measuring the decreased serum cholinesterase activity is also useful in identifying or confirming that persons have been overexposed to organic phosphate insecticides. Wis. 53233) in 10 ml of de-ionized water. Use this solution in the automated system. It provides a final concentration of 2.0 mmol/liter when it is diluted with buffer and sample.
In the manual procedures, the buffer, substrate, and DTNB were placed in a 7.0-ml plastic screw-cap tube in concentrated form, and the tubes lyophilized.' When reconstituted with 5. These tubes were used in all manual assays noted in this paper. Figure  1 ). Samples are aspirated at a rate of 50/h (2:1 cam). The recorder baseline is adjusted to zero absorbance while all the reagents are being pumped through the system. The prediluted working standards (Table  1) are placed in the sample cups and introduced into the automated system. The K factor calculated for the automated system is used in a manner similar to the manual method to calculate the number of micromoles of thiocholine liberated by the enzyme.
Assay Procedure
Manual method. Serum or plasma is prediluted (1:1000) with de-ionized water and 5.0 ml of the diluted serum is added to a tube of lyophilized substrate mixture (Tris buffer, substrate, and
The reconstituted solution is immediately placed in a spectrophotometer cell and the progress of the reaction at 25#{176}C is followed for 10 mm by use of a recorder, to note the rate of change in absorbance with time. Alternatively, the reaction can be followed in a colorimeter by taking readings every minute for 10 mm and determining the mean change in absorbance per minute. This value is used to calculate the serum cholinesterase activity as shown below. A second assay is carried out by placing 5.0 ml of the diluted serum in another tube of lyophilized substrate mixture (phosphate buffer, substrate, and DTNB).
The reaction is followed in the same manner as described above.
The activity, expressed as the number of micro- Figure 2 shows the steady signal (5 mm) and variable sampling rates for an enzyme assay in the automated system. A sampling rate of 50/h was chosen for all automated assays noted in this paper. At this rate, 95% of the steady-state signal was reached.
ResuIts
Figure 2 also shows the reproducibility of samples assayed in triplicate. Figure 3 (A and B) illustrates the linear relationship of enzyme activity to enzyme concentration (plasma dilution) by the automated and manual methods. In the automated system, an initial dilution of 1 part of plasma to 250 parts of de-ionized water served as the stock plasma solution. This stock plasma dilution was then further diluted as shown in Table 2 , placed in the sample cups, and assayed. Activities were calculated taking into account the dilution of each sample. In the manual method, an initial dilution of 1:500 served as the stock plasma solution. Increments of 1 to 5 ml of the stock plasma solution were added to the lyophilized tubes, plus de-ionized water to give a final volume of 5 ml. The results (Table 2) show that the enzyme activities determined manually (kinetically) and automatically are proportional to the amount of plasma used and, therefore, to the concentration of enzyme present in each assay. These results also show that results by the manual and automated procedures compare favorably. The slightly higher activities noted for the manual method can be attributed to a 1#{176}C difference in the temperature recorded for the manual system (26#{176}C) as compared to the automated system (25#{176}C).
To demonstrate the technique involved in determining the various phenotypes, I assayed two plasma samples of the "usual" (E1UE1U), heterozygous (E1?4E10), and "atypical"
(E"E1") enzyme by the manual and automated methods (Figure 4 , top). The "usual" enzyme has the same slope regardless of whether the assay is made with use of 0.05M Tris (t) or 0.05M phosphate buffer (p). The slope noted for the heterozygous enzyme assayed in p is slightly less than when assayed with t. The "atypical" enzyme response is quite noticeably different in the two buffer systems.
Four of the samples came from members of one family (BT, son; CT, father;
MT, mother; and RT, daughter).
RT developed prolonged apnea after being administered succinylcholine in conjunction with general anesthesia.
The father and mother were heterozygotes, and the son was of the "usual" type (Figure 4, top) . The samples were also assayed by the automated method (Figure 4 , bottom) and results obtained by both methods are compared in Table 3 . In the automated system, the samples were first assayed in Tris buffer with a water wash between samples. The samples were reassayed with the phosphate buffer and the peaks timed so that the "Tris" and "phosphate" assays would be adjacent for the same plasmas. Activity and percentage inhibition of each sample were comparable by both systems. The international units, U, reported in this paper are calculated at 25#{176}C as the assay temperature. Ten samples assayed at 25#{176}, 30#{176}, and 37#{176}C showed a linear relationship to exist between activity and reaction temperature.
The following equation can be used to calculate the activity at any temperature between 25#{176} and 37#{176}C when the activity at 25#{176}C is known: where A, is the activity at calculated temperature; A1 the activity at assay temperature, 25#{176}C; and X is the temperature coefficient (each degree change above the assay temperature is equal to one unit). Negro population agrees with the low incidence reported for the Negro population by Motuisky and Morrow (10), who screened 236 school children and 430 blood donors in the Seattle, Wash., area.
Normal Values
The five "atypical" plasma samples examined in this study show an inhibition range of 39 to 45%, while their activities were in the normal range, except for one, whose activity was only 1.0 U.
A clinical case. The serum cholinesterase activity of a patient admitted to the hospital with an apparent overexposure to the insecticide, "Phosdrin," was tested by the manual method. The patient complained of a severe headache, weakness, and nausea shortly after working with the insecticide. A plasma sample from this patient, approximately 36 h after the exposure, had an activity of 1.53 U. The enzyme was identified as the "usual" form. Unfortunately, a pre-exposure level of serum cholinesterase activity was not available on this patient.
The patient remained overnight in the hospital and returned to work after several days' rest. He was subsequently given a job that removed him from any association with insecticides. After one month, his plasma serum cholinesterase activity was 2.68 U. This increased activity would seem to indicate that this person had been overexposed to the insecticide when he was first admitted.
This example illustrates that a base level of activity should be recorded for people working with these potentially harmful chemicals, and shows the usefulness of a simple, reliable test to identify cases of overexposure.
